The histopathologic characteristics of colorectal inflammatory polyps that formed in Miniature Dachshunds were compared with those of other colorectal proliferative lesions, including adenomas and adenocarcinomas. Fifty-three colorectal polypoid lesions were histopathologically classified into inflammatory polyps (26 cases), adenoma (18 cases), and adenocarcinoma (9 cases). All 26 dogs that were diagnosed with inflammatory polyps were Miniature Dachshunds, indicating that colorectal inflammatory polyps exhibit a marked predilection for this breed. The inflammatory polyps had complex histopathologic features and were classified into 3 stages based on their epithelial composition. In early stage (stage 1), the polyps tended to exhibit a thickened mucosa containing hyperplastic goblet cells, dilated crypts filled with a large amount of mucus, and mild lymphocyte and macrophage infiltration. In later stages (stages 2 and 3), more severe neutrophil infiltration, interstitial mucus accumulation, granulation tissue, and occasional osteoid tissue were seen. Also, a few small foci of dysplastic epithelial cells were detected. The hyperplastic goblet cells, which were a major component of the epithelium of the inflammatory polyps, were positive for cytokeratin 20 (CK20), while the dysplastic epithelial cells found in inflammatory polyps (stage 3) and the tumor cells of the adenomas and adenocarcinomas were negative for CK20. These CK20-negative epithelial cells exhibited cytoplasmic and nuclear immunoreactivity for beta-catenin. In addition, the epithelial cells in the inflammatory polyps demonstrated significantly higher cyclooxygenase 2 and fibroblast growth factor 2 expression than did those of the adenomas and adenocarcinomas, suggesting that the arachidonate cascade is involved in the development of colorectal inflammatory polyps in miniature dachshunds.
to adenoma and adenocarcinoma. Here, we describe the histopathologic characteristics and pathogenesis of colorectal inflammatory polyps in Miniature Dachshunds by comparing them with other colorectal polypoid lesions, such as adenoma and adenocarcinoma. Furthermore, findings indicative of neoplastic transformation of these polyps are discussed.
Materials and Methods

Tissue Samples and Histopathology
At total of 111 colorectal mass lesions were removed from dogs at the Veterinary Medical Center of the University of Tokyo or the Japan Small Animal Medical Center between 2008 and 2013. The lesions were diagnosed at the Department of Veterinary Pathology of the University of Tokyo. Among them, 53 cases of colorectal polypoid lesions with precise clinical histories were examined in this study (Suppl. Table 1 ). All of the tissue samples were readily fixed in 10% neutral buffered formalin, routinely embedded in paraffin wax, and cut into 4-mmthick serial sections, and deparaffinized sections were stained with hematoxylin and eosin. Selected sections were also stained with periodic acid-Schiff, alcian blue (pH 2.5), or Warthin-Starry silver stain. The lesions were classified into 3 typesinflammatory polyps, adenoma, and adenocarcinoma-by 2 experienced Japanese College of Veterinary Pathologistscertified veterinary pathologists (J.K.C. and K.U.) based on the histologic and cellular atypia, invasive ability, and proliferative activity of their epithelial cells. Image analyses were performed with Adobe Photoshop CS6 Extended (Adobe Systems, San Jose, CA, USA). The area of the epithelial component of each lesion was measured in a randomly selected field under Â40 magnification. In each field, the epithelial area was marked manually on the computer screen; then, the percentile area was measured with the software tool. Lesions in which >15%, 5%-15%, and <5% of the tissue consisted of epithelial cells were defined as stage 1, stage 2, and stage 3 lesions, respectively.
Immunohistochemistry
After being subjected to deparaffinization and antigen retrieval (Suppl . Table 2 ), the tissue sections were treated with 3% hydrogen peroxide in methanol at room temperature for 5 minutes and then incubated with 8% skimmed milk in Trisbuffered saline at 37 C for 40 minutes to block nonspecific reactions. Subsequently, the sections were incubated overnight with primary antibodies (Suppl. Table 2 ) at 4 C. After being washed in Tris-buffered saline, the sections were incubated with horseradish peroxidase-labeled polymer (Dako Envisionþ System; Dako, Carpinteria, CA, USA) or biotinylated anti-goat immunoglobulin G (KPL, Guildford, UK) before being incubated with horseradish peroxidase-labeled streptavidin (Dako). Finally, the reaction products were visualized with 0.05% 3-3 0diaminobenzidine and 0.03% hydrogen peroxide in Tris/HCl buffer and then counterstained with Mayer's hematoxylin. Colorectal tissue samples from dogs without lesions were used as positive controls. The primary antibodies were omitted to produce negative controls of normal colorectum, inflammatory polyp, adenoma, and adenocarcinoma.
Quantitative Data Analysis
The numbers of inflammatory cells that were positive for CD3, CD20, Iba-1, or myeloperoxidase were counted under Â400 magnification in 5 randomly selected fields. In addition, the number of von Willebrand factor-positive vessels was counted under Â200 magnification in 3 randomly selected fields in each section. Finally, the percentages of Ki67-, cyclooxygenase 2 (COX-2)-, and fibroblast growth factor 2 (FGF-2)-positive epithelial cells in total epithelial cells were measured under Â400 magnification in 5 randomly selected fields. Comparisons of the means of different groups were performed with 1-way analysis of variance, followed by Tukey honestly significant difference test with the software SPSS version 22 (IBM, Tokyo, Japan). Differences associated with P values <.01 were considered to be significant.
Results
Clinical Features of the Colorectal Polyps
The tissue samples from the 53 cases of colorectal polyps were classified into inflammatory polyps (26 cases, 49%), adenoma (18 cases, 34%), and adenocarcinoma (9 cases, 17%) according to their histopathologic features (Suppl. Table 1 ). During endoscopic examinations, the above-mentioned polyps were detected as single or multiple lesions. As for their morphology, they appeared as pendulous, protruding, or irregularly thickened masses in the colorectal mucosa ( Figs. 1-3 ). All 26 lesions that were diagnosed as inflammatory polyps were found in Miniature Dachshunds, and the mean age of the affected dogs was 9 years 3 months. The condition did not exhibit a predilection for either sex (males: 14 cases, females: 12 cases). Most of the dogs with inflammatory polyps displayed hematochezia or tenesmus at 2 to 78 months before they underwent an endoscopic biopsy or polypectomy. Among the 18 cases of adenoma, 7 involved Miniature Dachshunds (39%; mean age: 9 years 11 months). The remaining 11 involved Jack Russell Terriers (2 cases), French Bulldogs (2 cases), Toy Poodles (2 cases), or other breeds (5 cases). The dogs that were diagnosed with adenoma exhibited hematochezia or tenesmus at 5 to 29 months before they underwent an endoscopic biopsy or polypectomy. Of the 9 cases of adenocarcinoma, 2 involved Miniature Dachshunds (22%; mean age: 11 years 1 month). Adenocarcinoma did not exhibit a marked predilection for any particular breed. The dogs that were diagnosed with adenocarcinoma displayed hematochezia or tenesmus at 2 to 20 months before they underwent an endoscopic biopsy or polypectomy.
Histopathologic Features of the Inflammatory Polyps
The inflammatory polyps displayed a thickened mucosa composed of hyperplastic goblet cells, increased mucus production, dilated crypts filled with abundant periodic acid-Schiffpositive mucinous materials, and mild infiltration (mainly by lymphocytes and macrophages; Fig. 4 ). The larger polyps had severe leukocyte infiltration (mostly by neutrophils and macrophages), interstitial accumulation of mucus or cystic spaces filled with mucinous materials, proliferation of granulation tissue, and occasional osteoid formation (Figs. 5, 6) . In these lesions, no specific infectious organisms were detected by Warthin-Starry silver staining. Changes apparently associated with the more severe inflammatory changes observed in larger polyps included decreased size of the epithelial component, while small foci of dysplastic epithelial cells appeared within the inflammatory and granulation tissue. The epithelial cells in these foci exhibited anisocytosis and a loss of cellular polarity.
As assessed by image analysis, lesions in which >15%, 5%-15%, and <5% of the tissue consisted of epithelial cells were defined as stage 1 (n ¼ 3, Fig. 7 ), stage 2 (n ¼ 8, Fig. 8 ), and stage 3 (n ¼ 23, Fig. 9 ) lesions, respectively. The inflammatory Figure 5 . Interstitial accumulation of mucus, proliferation of granulation tissue, and osteoid formation (arrows). Figure 6 . Higher magnification of osteoid and interstitial mucus. Figure 7 . Representative finding of stage 1 lesion. Thickened mucosa composed of hyperplastic goblet cells. Inset shows higher magnification of goblet cells. Figure 8 . Representative finding of stage 2 lesion. Granulation tissue formation in the apical region of the mucosa and dilated crypts containing abundant mucus. Figure 9 . Representative finding of stage 3 lesion. Excessive production of granulation tissue, abundant neovascularization, osteoid formation (arrow), and marked inflammatory changes. Note the scarcity of epithelial cells. cells found in stage 1 lesions mainly consisted of mononuclear cells-namely, CD20-positive B cells, CD3-positive T cells, and Iba-1-positive macrophages (Fig. 10) , with B cells being predominant. The total number of inflammatory cells increased with the stage of the condition. Specifically, increased numbers of myeloperoxidase-positive neutrophils were seen in the stage 2 lesions, and these cells accounted for >70% of the inflammatory cells in the stage 3 lesions. Conversely, the number of B cells decreased as the stage increased. To assess the proliferation of the lesions' stromal components, the number of small vessels was counted in each lesion. The number of small vessels was significantly higher in the stage 3 lesions than in the stage 1 and 2 lesions, which was indicative of excessive granulation tissue formation (Fig. 11 ).
Epithelial Cell Characterization in the Colorectal Inflammatory Polyps, Adenomas, and Adenocarcinomas
A considerable number of the epithelial cells in the stage 1 and 2 inflammatory polyps exhibited goblet cell differentiation ( Fig. 12 ) and were positive for cytokeratin 20 (CK20; Fig.  13 ). Beta-catenin was expressed in the cytoplasm of the epithelial cells in stage 1 and 2 lesions (Fig. 14) . However, the dysplastic epithelial cells observed in stage 3 lesions (Fig. 15 ) were negative for CK20 but expressed beta-catenin in both their cytoplasm and nuclei (Fig. 16) .
The colorectal adenomas exhibited papillary epithelial cell proliferation, but their neoplastic cells did not display invasive activity (Fig. 17) . The neoplastic cells demonstrated mild atypia-namely, anisocytosis, basophilic cytoplasm, and dark nuclear staining (Fig. 18 ). The adenoma cells were negative for CK20 ( Fig. 19 ) but weakly expressed beta-catenin in both their cytoplasm and nuclei (Fig. 20) . The colorectal adenocarcinomas were characterized by papillary epithelial cell proliferation, cellular atypia, polymorphism, a loss of cellular polarity, and a greater invasiveness (Figs. 21, 22 ). The adenocarcinoma cells were negative for CK20 ( Fig. 23 ) but exhibited intense immunoreactivity to beta-catenin in their cytoplasm and nuclei (Fig. 24) .
To assess the role of the arachidonate cascade in the progression of inflammatory polyps, the expression levels of COX-2 and FGF-2 were examined in all 53 cases. COX-2 and FGF-2 immunoreactivity was detected in the epithelial cells of the inflammatory polyps ( Figs. 25, 26 ). Semiquantitative analysis revealed that the inflammatory polyps (68.9%) displayed significantly higher epithelial cell COX-2 positivity than did the adenomas (13.9%) and adenocarcinomas (23.9%; Fig. 27 ). In contrast, no significant difference in epithelial cell COX-2 positivity was detected among the different stages of inflammatory polyps. The inflammatory polyps (43.2%) also demonstrated significantly higher epithelial cell FGF-2 positivity than did the adenomas (3.2%) and adenocarcinomas (12.0%; Fig. 28 ). However, no significant difference in FGF-2 positivity was observed among the different stages of inflammatory polyps.
To assess the proliferative activity of the epithelial cells, their Ki67 positivity was examined. Ki67-positive epithelial cells were confined to the deeper crypts of the inflammatory polyps, whereas they were scattered randomly throughout the adenomas and adenocarcinomas. 2 Stage 3 inflammatory polyps displayed significantly lower Ki67-positive epithelial cell percentages than those of stage 1 and 2 inflammatory polyps, adenomas, and adenocarcinomas (Fig. 29 ).
Discussion
The present study clearly showed that colorectal polyps are common in Miniature Dachshunds in Japan. Interestingly, the nonneoplastic polyps seen in this breed displayed distinct histopathologic characteristics-that is, goblet cell hyperplasia combined with inflammation. We propose to refer to Figure 10 . Numbers of CD3-, CD20-, Iba-1-, and myeloperoxidasepositive cells in stage 1 to 3 inflammatory polyps. Figure 11 . Numbers of small von Willebrand factor-positive vessels in stage 1 to 3 inflammatory polyps. *P < .05. **P < .01. Figure 13 . Epithelial cells are positive for cytokeratin 20 (CK20). Immunohistochemistry (IHC). Figure 14 . Epithelial cells are positive for beta-catenin. IHC. Figure 15 . Focus of dysplastic epithelial tissue surrounded by granulation tissue in a stage 3 inflammatory polyp. HE. Figure 16 . Focus of dysplastic epithelial tissue displays strong nuclear and cytoplasmic positivity for beta-catenin. IHC. Figures 17-20 . Adenoma, Miniature Dachshund. Figure 17 . Papillary epithelial cell proliferation. HE. Figure 18 . Neoplastic cells exhibit mild atypia (slightly enlarged nuclei) but display cellular polarity and distinct margins. HE. Figure 19 . Neoplastic cells are negative for these polyps as inflammatory polyps of Miniature Dachshunds (IPMDs).
In this study, we histopathologically classified IPMDs into 3 stages based on the relative content of epithelial components and then compared the inflammatory components. Different populations of inflammatory cells were observed in each of the 3 IPMD stages. The stage 1 polyps appeared to contain more B cells as compared with stage 2 and 3 polyps, which contained more neutrophils. The reduced amount of epithelial tissue seen in the higher-stage IPMD may be explained by the decreased epithelial cell mitotic activity (Fig. 29) , excessive granular tissue formation, and increased neovascularization observed in these polyps (Fig. 11 ). 21 Thus, these findings could be the main histopathologic changes associated with the progression of IPMD.
Furthermore, we examined whether there were changes indicative of neoplastic transformation in IPMD. The welldifferentiated epithelial cells in the normal upper crypt of the intestine (ie, enterocytes, goblet cells, and endocrine cells) express CK20. 6, 7 In humans, high-grade adenocarcinomas exhibit decreased CK20 positivity. 3 In the present canine study, the epithelial cells that composed the IPMD expressed CK20, while the neoplastic epithelial cells of the adenomas and adenocarcinomas were CK20 negative. Therefore, IPMD could be distinguished from adenoma and adenocarcinoma according to their differentiation-that is, their CK20 expression. Beta-catenin, a component of the Wnt/betacatenin signaling pathway, plays an important role in intestinal tumorigenesis in humans and animals. 16 Beta-catenin is expressed in the nuclei of adenoma and adenocarcinoma cells, and mutation of the beta-catenin gene induces intestinal polyp formation. 4, 10, 12, 14, 20 However, in the IPMD examined in the present study, beta-catenin was only expressed in the cytoplasm. In contrast, beta-catenin was expressed in the nucleus and cytoplasm in the adenomas and adenocarcinomas. These observations support the nonneoplastic nature of IPMD.
COX-2 expression is induced by macrophages, fibroblasts, and other cells. 9, 24 It is known that the neoplastic cells found in canine mammary tumors and intestinal tumors express COX-2. 8, 15 The present study revealed that the epithelial cells of IPMD express COX-2, indicating that COX-2 plays a role in the development and/or progression of IPMD. COX-2 is known to induce the expression of FGF-2, which is a major cytokine that activates fibroblasts. 1, 5, 13, 18, 28 FGF-2 is involved in neovascularization and contributes to granulation tissue formation during ulcer healing. 23 Therefore, COX-2 and FGF-2 expression may play a role in the excessive granulation tissue seen in the IPMD.
In the present study, we described the histopathologic features of IPMD. Immunohistochemical examinations of CK20 and beta-catenin expression indicated that the proliferating epithelial cells seen in IPMD are well differentiated Figure 27 . Percentages of COX-2-positive epithelial cells in inflammatory polyps, adenomas, and adenocarcinomas. Inflammatory polyps exhibited significantly higher proportions of COX-2-positive epithelial cells than did adenomas and adenocarcinomas. **P < .01. Figure 28 . Percentages of fibroblast growth factor 2 (FGF-2)-positive epithelial cells in inflammatory polyps, adenomas, and adenocarcinomas. Inflammatory polyps exhibited significantly higher proportions of FGF-2-positive epithelial cells than did adenomas and adenocarcinomas. **P < .01. Figure 29 . Percentages of Ki67-positive epithelial cells in stage 1 to 3 inflammatory polyps, adenomas, and adenocarcinomas. Stage 3 inflammatory polyps exhibited significantly lower proportions of Ki67-positive epithelial cells than did lower-stage inflammatory polyps, adenomas, and adenocarcinomas. *P < .05. **P < .01. Figure 19 . (continued) CK20. IHC. Figure 20 . Cytoplasm and nuclei of the neoplastic cells are positive for beta-catenin. IHC. Figures 21-24 . Adenocarcinoma, Miniature Dachshund. Figure 21 . Papillary epithelial cell proliferation. HE. Figure 22 . Neoplastic cells display loss of cellular polarity, disorganized arrangement, and indistinct borders. HE. Figure 23 . Neoplastic cells are negative for CK20. IHC. Figure 24 . Nuclei of the neoplastic cells are strongly positive for beta-catenin, while the cytoplasm is weakly positive. IHC. Figures 25 and 26 . Colorectal inflammatory polyp, Miniature Dachshund. IHC. Figure 25 . Cytoplasms of the epithelial cells are positive for COX-2. Figure 26 . Cytoplasms of the epithelial cells are positive for fibroblast growth factor 2. Inset shows high magnification of fibroblast growth factor 2-positive goblet cells. and nonneoplastic. However, in the progressive stage of IPMD, foci of dysplastic epithelial cells are occasionally observed, and these foci exhibit nuclear beta-catenin expression, which is indicative of the neoplastic transformation of IPMD to adenoma or adenocarcinoma. This notion is supported by the high incidence of adenoma in Miniature Dachshunds. Last, our findings regarding the COX-2 and FGF-2 expression patterns of IPMD, adenoma, and adenocarcinoma indicate that COX-2 may play a role in the development and/or progression of IPMD.
